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The reproducibility of the ABPI has been evaluated in
several studies indicating that measurements might vary
between 9% and 21%.7-9 The reproducibility of the AP and
brachial pressure (BP) is considered to be comparable.10
The reproducibility of TP11-13 and TCPO214,15 is evalu-
ated less thoroughly.
Insight in measurement reliability is important when
considering therapeutic options, evaluating therapy, and
ascertaining the progress of disease. The aim of this study
was to determine the reproducibility of systolic BP, AP,
and TP measurements as well as TCPO2 and ABPI in the
whole range of clinically relevant values by investigating
patients with various stages of peripheral vascular disease.
PATIENTS AND METHODS
Patients. There were 107 legs of 54 patients (mean
age, 66 ± 12 years; 31 men and 23 women) included in
this study after informed consent. Patients were recruited
from those sent to our vascular laboratory for the assess-
ment of the ABI and were included in case no therapeutic
intervention was scheduled within 1 week. Patients’ risk
factors are listed in Table I. The legs of the patients
showed different clinical stages of peripheral vascular dis-
ease: there were 26 legs without problems, 54 legs with
intermittent claudication, and 27 legs with rest pain,
ulcers, or gangrene. Measurements were performed in a
temperature-controlled environment (23 ± 1°C), after
Noninvasive peripheral pressure measurements play a
prominent role in the diagnosis and follow-up of periph-
eral arterial occlusive diseases. In addition to ankle pres-
sure (AP) and ankle/brachial pressure index (ABPI), toe
systolic blood pressure of the hallux (TP1) and transcuta-
neous oxygen pressure (TCPO2) have won ground, par-
ticularly in the diagnosis of critical leg ischemia (CLI).1-3
In the Second European Consensus document, CLI is
defined on the basis of clinical findings (rest pain, ulcera-
tions, and gangrene) and AP or toe pressure (TP) mea-
surements.4 Furthermore, TCPO2 has been suggested as
an adjuvant technique to quantify the severity of the local
microcirculation in the ischemic region and to predict the
effect of limb salvage therapy.1,4-6 Measurements of the
blood pressure in the second toe (TP2) are useful after
amputation of the hallux.
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Introduction: Peripheral blood pressure measurements play a prominent role in the diagnosis and follow-up of patients
with peripheral vascular diseases. Toe pressure of the hallux (TP1) and second toe (TP2) and transcutaneous oxygen
pressure (TCPO2) measurements are becoming more important. The ankle/brachial pressure index (ABPI) is known
to be a reliable parameter, but the toe pressure and TCPO2 are evaluated less thoroughly. Therefore, we evaluated the
reproducibility of TP1, TP2, TCPO2, ABPI, ankle pressure (AP), and brachial pressure (BP).
Patients and Methods: In 54 patients with various stages of peripheral vascular disease, the intraobserver and interob-
server reproducibility of BP, AP, ABPI, TP1, TP2, and TCPO2 was investigated by calculating the repeatability coef-
ficient (RC) and the intraclass correlation coefficient (ICC) and by using Bland-Altman plots.
Results: The intraobserver and interobserver reproducibility at 1 day and after 1 week of BP, AP, ABPI, and TP1 was
substantial and comparable (ICC range, 0.80-0.99), except for the BP after 1 week. The TP2 and TCPO2 were less
reproducible (ICC range, 0.62-0.98). The interobserver RC of BP was 31 mm Hg; of AP, 44 mm Hg; of ABPI, 27%;
of TP1, 41 mm Hg; of TP2, 67 mm Hg; and of TCPO2; 30 mm Hg. The difference plot showed that the observer
variability was equally distributed across the range of pressure in all measurements.
Conclusion: The BP, AP, ABPI, and TP1 have a substantial intraobserver and interobserver reproducibility, whereas TP2
and TCPO2 show worse reproducibility. Especially when low values (or values around a cutoff value) are measured, the RC
should be taken into account, and repetition of the measurement is advocated. (J Vasc Surg 2001;33:1033-40.)
patients rested for at least 15 minutes in the supine posi-
tion, with the ankles at heart level. The legs were covered
with blankets to avoid cooling. Conversation was not
allowed during the examination to reduce measurement
variability.
Methods. The AP at the dorsal pedal and posterior
tibial arteries at the level of the ankle was measured with
the use of an 8-MHz Doppler scanning probe (PV Lab,
Stöpler, Electric Diagnostic Instruments, Burbank, Calif)
and a cuff (12 cm) just above the ankle. The ABPI was cal-
culated by dividing the highest AP by the highest of the
left and right BP. The BP was measured by means of 
an automatic blood pressure monitor (Dinamap Plus;
Criticon, Tampa, Fla).
The TP was measured on the hallux (TP1) and second
toe (TP2) by means of photoplethysmography (Electric
Diagnostic Instruments) and a digital cuff with a width
depending on the diameter of the toe. A cuff width clos-
est to 120% of the diameter of the hallux was chosen (cuff:
1.5, 2.5 or 3.3 cm, Hokanson, Bellevue, Wash).
The TCPO2 (Radiometer; TCM3, Copenhagen,
Denmark) was measured at an electrode temperature of
44°C, after calibration at 159 mm Hg. The skin was
cleaned with alcohol, and scales were stripped by means of
adhesion tape if necessary. The electrodes were applied to
the skin of both feet with the probe holder and contact
liquid. The electrode was placed on the dorsum of the foot
in the first intermetatarsal space just proximal to the first
and second toe, or if this was not possible because of local
wounds, it was placed on an area of the skin not overlying
a bony or tendon structure that was closest to this place.
The TCPO2 was recorded after stabilization over a period
of 5 minutes by means of a paper writer with a speed of
0.5 cm/min.
The measurements were performed twice by the same
observer (JdG; A1 and A2) without removing the cuffs
and electrode holder, but after recalibration of the
TCPO2. Subsequently, this was repeated by a second
observer (B) in the same session, in which the cuff and
holder were replaced and the TCPO2 was recalibrated.
After 1 week the measurements were again repeated twice
by the first observer (A3) and a third observer (C).
Observers A, B, and C had the same experience with the
described technique and were registered vascular techni-
cians, except for investigator A (JdG) who is a medical
doctor working as a research fellow at the vascular labora-
tory. Observers were blinded for the previous results of
each other’s tests.
The intraobserver variability on the same day (intra-
day) was evaluated by comparing the results of A1 with
A2, whereas the intraobserver variability after 1 week
(intraweek) was evaluated by comparing A1 with A3.
The interobserver variability on the same day (interday)
and after 1 week (interweek) was evaluated by comparing
the results of A1 with B and B with C, respectively. The
last setting reflects clinical practice (ie, the measurements
are performed by different investigators and after a cer-
tain period of time to evaluate therapy or progress of 
disease).
Statistics. The mean D between a pair of measure-
ments was expressed with their 95% confidence limits (D ±
2 SDD). These limits of agreement reflect the expectation
that 95% of the differences are less than 2 SD. This is also
the definition of a repeatability coefficient (RC), adopted by
the British Standard Institution.16 The statistical signifi-
cance of the mean D was tested with the paired sample 
t tests.
Both intraobserver and interobserver agreements were
assessed by calculating the intraclass correlation coefficient
(ICC) (two-way mixed, random effect model, absolute
agreement) according to the method as described by
Bartko17 and Deyo et al.18 The ICC is the parametric ana-
log of the chance-corrected κ measurement of agree-
ment.19,20 The ICC not only assesses the strength of linear
correlation between two measurements, but also detects
systematic error.19 The ICC value can be arbitrarily inter-
preted as poor (< 0.20), fair (0.21-0.40), moderate (0.41-
0.60), substantial (0.61-0.80), and almost perfect
(0.81-1.00).20,21 Additionally, a Bland-Altman plot was
made showing the differences between two measurements
against their mean to check whether the error of measure-
ment was independent of the magnitude of the mean
score.22 The strength of the relationship between the
score differences and their mean was indicated by the
slope of a regression line.
RESULTS
Mean pressures at the first visit by investigator A, clas-
sified according to the severity of vascular disease, are 
presented in Table II. The histograms depicting the dif-
ferences among repetitive measurements showed a normal
distribution (graphs not presented). Table III presents the
mean D (D with SDD), RC, and ICC of the repetitive
measurements. After 1 week the BP, AP, and TP1 values
were slightly but significantly lower, as measured by the
same as well as by two different investigators (Table III).
In addition, both the intraobserver and interobserver
reproducibility after 1 week tended to be worse than when
investigated on the same day. This was true for all pres-
sures except for the TP1 and TP2. Furthermore, the TP1,
as measured by investigator A, was significantly lower than
when measured by investigator B (interday). The ABPI,
TCPO2, and TP2 were not significantly different among
the various measurements.
The reproducibility of BP, AP, ABPI, and TP1 was
“substantial” to “almost perfect” in all situations (ICC
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Table I. Presence of risk factors in 54 patients
Smoking 59%
Diabetes mellitus 36%
History of cerebrovascular attack or temporary 20%
ischemic attack
History of coronary heart disease 36%
Hypertension 43%
Hypercholesterolemia 35%
range, 0.75-0.99; Table III), except for the intraweek of
the BP, which was somewhat lower (0.69). In general, the
reproducibility of TP2 and TCPO2 in all settings was
lower than the other parameters.
In the Figure, the differences between measurement
B and C (interweek) are plotted against the mean of both
measurements. The regression lines in all components of
the Figure indicate that the variability in the pressure
scores was independent of the magnitude of the pressure
values (β coefficients). There were four clear outliers in
both the AP (Figure, B) and ABI (Figure, C) that resulted
because one investigator could detect an ankle artery
pressure whereas the other investigator could not. The
plots of the intraday, intraweek, and interday showed the
same tendency.
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DISCUSSION
This study shows that the reproducibility on the same
day and after 1 week of the BP, AP, TP, and ABPI is sub-
stantial, whereas the reproducibility of the TP2 TCPO2 is
moderate. Despite this good reproducibility, the absolute
variation is larger than assumed thus far (approximately
15%),7,8,10,23,24 but is in accordance with the values as
presented by Fisher et al.8 This larger variation is mainly
caused by the study design and the way of calculating the
variability. In this study not only is the intraobserver mea-
surement variability evaluated, but also the biological fluc-
tuation over time and interobserver variability are
considered, which is more like the clinical practice.
In our study and practice, an automatic system was
used for the measurement of brachial systolic blood pres-
Table III. Variation of the measurements, with mean D (D with SDD), repeatability coefficient (RC), P value of
Student t test for paired samples, and interclass correlation coefficient (ICC)
D (mm Hg)* SDD (mm Hg)* RC (mm Hg)* P value ICC
BP
Intraday –0.1 9 17 .93 0.93
Intraweek +7.7 16 31 < .001 0.69
Interday +2.1 13 26 .1 0.85
Interweek +4.7 16 31 < .01 0.75
AP
Intraday +0.4 5 10 .35 0.99
Intraweek +6.4 20 39 < .01 0.85
Interday –0.1 18 35 .94 0.90
Interweek +5.8 23 44 .02 0.85
ABPI
Intraday –0.3 4 9 .52 0.98
Intraweek +1.0 11 22 .43 0.89
Interday –1.3 10 20 .20 0.92
Interweek +1.6 14 27 .27 0.87
TP1
Intraday +0.6 5 10 .24 0.99
Intraweek +3.7 13 25 .01 0.92
Interday –7.2 17 33 < .001 0.88
Interweek +6.8 21 41 < .01 0.85
TP2
Intraday –0.6 6 12 .38 0.98
Intraweek +0.5 23 46 .86 0.77
Interday –7.2 27 52 .10 0.74
Interweek –5.3 34 67 .17 0.68
TCPO2
Intraday –0.1 7 14 .94 0.89
Intraweek –0.8 13 25 .52 0.68
Interday +0.0 11 21 .97 0.77
Interweek –0.1 15 30 .94 0.62
*Values for ABPI are in percentages.
Table II. Measurements taken at the first assessment by investigator A
BP AP ABPI TP1 TP2 TCPO2
No. of mm Hg mm Hg % mm Hg mm Hg mm Hg
legs (SD) (SD) (SD) (SD) (SD) (SD)
Asymptomatic 26 147 (20) 151 (28) 101 (14) 96 (28) 93 (32) 49 (10)
Intermittent claudication 54 148 (25) 112 (29) 74 (20) 68 (25) 67 (29) 47 (12)
Rest pain, ulcers, or gangrene 27 148 (25) 72 (17) 47 (12) 24 (19) 28 (18) 33 (17)
sure for the calculation of the ABPI rather than the stan-
dard handheld Doppler. Nevertheless, this would not have
influenced the results, because previous investigations
showed that the systolic blood pressures measured with
the Dinamap were not significantly different from the
Doppler scanning method and that the corresponding
ABPI values were similar.25
The accuracy of the systolic TP measurements has only
been evaluated with strain gauge plethysmography.11-13
The reproducibility of TP as described in the literature
varies from comparable12 to less reproducible than AP or
BP.13 This study demonstrates that TP measurements of the
hallux are equally reproducible as compared with the BP,
AP, and ABPI (the ICCs are corresponding) and that the
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Difference plot of 1-week interobserver variation of the BP (A), AP (B), ABPI (C), TP1 (D), TP2 (E), and TCPO2 (F). The difference
between the second (investigator B) and fourth (investigator C) measurement is plotted against the mean of these measurements. The
regression line of the differences (drawn line) and RC (dotted lines) is drawn. The regression lines were not significant (β coefficients and
P values of A: 0.15, P = .17; of B: 0.05, P = .63; of C: –0.10, P = .34; of D: 0.13, P = .24; of E: –0.12, P = .30, of F: –0.20, P = .08).
A
B
variation is equally distributed across the range of pressures.
It should be kept in mind that the reproducibility of TP in
the second toe is considerably lower than that in the hallux.
The TCPO2 is important in the diagnosis and follow-
up of patients with CLI and in the determination of ampu-
tation level in patients with unreconstructible arterial
insufficiency.26 The reproducibility of the TCPO2 has not
yet been described in terms of RC thus far, whereas the
coefficient of variation (expressed as the SD divided by the
mean of several measurements) varies between 21% and
42%.14,15,27-30 The TCPO2 measurement appears to be
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less reproducible than the other parameters, and its repro-
ducibility after 1 week is moderate, when performed by
different investigators. However, comparing ICCs of dif-
ferent techniques should be done with caution. The mag-
nitude of ICC depends on the magnitude of the variance
attributable to between-subject differences, and a rela-
tively large RC can exist despite a high ICC.31 The vari-
ance of the TCPO2 is smaller than the variance of the AP,
BP, TP, and ABPI. Considering this, the smaller ICC of
the TCPO2 cannot directly be compared with the other
techniques.
Figure contd.
C
D
The RC of TCPO2 is considerably large (30 mm Hg).
The variance in TCPO2 could be influenced by instru-
mental, biological, and methodological variation. The
instrumental variation is relatively small (3 mm Hg).26
The biological variation of TCPO2 is greater than the bio-
logical variation of the blood pressure parameters, because
the TCPO2 is a microcirculatory parameter that is influ-
enced by both central (cardiovascular and pulmonary sta-
tus) and local factors (local blood flow, skin metabolic
activity, and diffusion conditions such as epidermal thick-
ness and composition) as opposed to the other pressure
parameters, being influenced mainly by central pressure
factors. Local flow has a relatively great influence on
TCPO2, because the TCPO2 is flow dependent by means
of the circulatory hyperbola32; this means that in situa-
tions in low flow states, such as severe ischemia, a relatively
small increase in flow results in a dramatic increase in
TCPO2. Surprisingly, this was not confirmed by our data.
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E
F
Figure contd.
In this study we found a relatively small contribution of
the biological variation in the lower pressure ranges,
because the variation was equally distributed across the
whole range of clinically relevant values.
We found a small but significantly lower AP and TP of
the hallux after 1 week in both the intraobserver and inter-
observer setting. This could not be explained by the
observer bias because the investigators were unaware of
the results of previous investigations. Furthermore, the
BP, which was also lower after 1 week, was measured auto-
matically and could not be influenced by foreknowledge
or progress of disease. Apparently, on the second day of
examination the patient was reassured by the experience of
the previous investigation. This same phenomenon could
also have caused the low ICC (0.69) for the BP measured
after 1 week by the same observer. The significantly higher
blood pressure of the hallux might be caused by the
increase in temperature of the toe during the examination,
because TP is known to be temperature dependent.33
The influence of the examiner on the variance is not
likely to have a great influence on the variability and can
be estimated from the difference in ICC between the
“intra” and “inter” of each individual item. The ICC of
the intraday is better than the ICC of the interday in all
investigations. Furthermore, there was no examiner vari-
ance when the intraobserver and interobserver variability
was evaluated after 1 week. In the Doppler measurements
the differences among examiners could be due to a differ-
ent hearing ability and a different probe angle used. In the
TP measurements the size of the cuff (especially the sec-
ond toe), which was to the discretion of the investigator,
might have influenced the interobserver variation, whereas
the detection of the reappearance of blood in the toe at
low pressures is hampered by a poor signal-to-noise ratio.
The position of the TCPO2 probe on the foot (although
it was instructed to use the first intermetatarsal space)
might have had some influence on the TCPO2 results,
because these measurements are influenced by the thick-
ness of the skin.
The variability of repeated measurements appreciating
the presence and severity of peripheral ischemia has impor-
tant consequences for the clinical practice. The vascular
tests are mainly performed by different vascular technolo-
gists in a vascular laboratory. Therefore, interobserver vari-
ability after 1 week (interweek) should be taken into
account when interpreting the results of a vascular labora-
tory. For this purpose the RC is most relevant because it
indicates when the difference between two measurements
can be interpreted as significant. A significant difference
between two measurements (ie, a difference larger than the
RC) indicates that this difference is not caused by the vari-
ation of the measurement itself, but by a change in the clin-
ical situation (eg, when the treatment has been successful
or the disease has progressed). An RC of 44 mm Hg indi-
cates that two AP measurements with a difference less than
44 mm Hg cannot, with a certainty of more than 95%, be
considered to be really different; a difference less than 44
mm Hg could also be caused by measurement variation.
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Second, the variability is also important for values
around a certain cutoff value. In case the result is within
the range of the cutoff value (plus or minus the RC), the
result of one measurement should be interpreted with cau-
tion, and a second measurement is advocated. The second
should be performed preferably by a different observer on
another day, because this variation is the larger. Because
the true value is not known, the mean of two completely
different measurements is the best approximation of the
true value. Of all, this is important when using TCPO2 to
aid in the indication for amputation or the determination
of an amputation level. In a previous study this differenti-
ation in levels of certainty was taken into account by apply-
ing three different certainty levels using probability levels
(a low, intermediate, and high probability around the cut-
off value) for TP and TCPO2, for the purpose of indicat-
ing the need for invasive therapy in patients’ CLI.1
In conclusion, the AP and TP parameters are well
reproducible, comparable to the reproducibility of BP and
ABI. The TCPO2 is moderately reproducible. When the
results of peripheral pressure measurements are inter-
preted, the RC should be taken into account.
Thanks to Henk de Vos (RVT), Johan van Gurp (RVT)
and Leo Nagel (RVT) for performing the measurements. 
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